Reasons for performing study: There is a growing interest in the use of autologous platelet concentrates (PCs) as treatment for chronic musculoskeletal diseases in horses. However, there is no information on the risk of bacterial contamination during their preparation. Objectives: To: 1) assess the risk of bacterial contamination in equine PCs obtained by the tube method under 3 technical conditions: a) in a laminar flow cabinet, in a clean laboratory environment both with (b) and without (c) Bunsen burner; 2) identify the critical points of the process of PCs preparation with risk of bacterial contamination; and 3) identify the potential bacterial contaminants in the process and their antibiotic susceptibility. Methods: Bacteriological samples were taken from: the skin (shaved or unshaved) of the venipuncture site in 15 horses, both before and after being disinfected; hands and throat of the operator; caps of the tubes where the blood was processed; environment where the equine blood samples were collected; laboratory environment; laminar flow cabinet; bacteriological stove; and PCs obtained under 3 technical conditions. Results: Bacteria were isolated from nonaseptically prepared equine skin, hands and throat of the operator, and the place where the blood samples were taken. Bacteria were not isolated from tube caps, laboratory environment, laminar flow cabinet or PCs. The isolated bacteria were normal biota from equine skin, human skin and throat, and environmental contaminants. Of the isolated bacteria, 23% were resistant to penicillin, 19% to ampicillin, 2.12% to ceftiofur, 3.2% to sulphamethoxazole/trimethoprim and 1.1% to enrofloxacin. Resistance to amikacin and gentamicin was not seen. Conclusions and potential relevance: Uncontaminated PCs can be obtained by the tube method in a clean laboratory environment without the need for either a laminar flow cabinet or a Bunsen burner. It is mandatory to perform the procedure following strict aseptic technique.
Introduction
There is growing interest in the use of both autologous cell and growth factor-oriented therapies as treatment for chronic musculoskeletal diseases in horses (Sutter 2007) . Osteoarthritis, superficial digital flexor tendon tendinopathy and suspensory ligament desmopathy have been treated with autologous platelet concentrates (PCs) (Carmona et al. 2007; Argüelles et al. 2008; Waselau et al. 2008) , bone marrow aspirates (Herthel 2001) and mesenchymal stromal cells (Smith et al. 2003) . However, despite the spread of the use of these regenerative therapies (especially PCs) and the basic molecular knowledge that supports their clinical utilisation (Smith et al. 2006; Schnabel et al. 2007) , there is no information on the risk of bacterial contamination during their preparation for injection into synovial sheaths (Argüelles et al. 2008) or joints (Carmona et al. 2007) . These structures are very susceptible to bacterial contamination and infection could result in severe consequences.
Protocols for obtaining and clinically applying cell or growth factor-based therapies emphasise the need to prepare these 'biodrugs' under sterile conditions in a laminar flow cabinet (Carmona et al. 2007; Argüelles et al. 2008) . This situation restricts the preparation and therapeutic use of PCs and cell-based therapies to specialised institutions only and, on the other hand, limits their use under field conditions.
The aims of this study were to: 1) evaluate the risk of bacterial contamination of equine PCs obtained by the tube method (Argüelles et al. 2006) and prepared under 3 different technical laboratory conditions, using: a) a laminar flow cabinet, b) a clean laboratory environment using a Bunsen burner and c) a clean laboratory environment without Bunsen burner; 2) identify the critical points for bacterial contamination during equine PCs preparation; and 3) identify the possible contaminant bacteria during the preparation process and determine their antimicrobial susceptibility. The hypothesis tested was that PCs processed by tube method in clean environment is contamination free of bacteria.
Materials and methods
The study was approved by the Ethical Committee of the Universidad de Caldas.
Horses
Fifteen clinically normal mature Argentinean Creole horses were used in the study: 13 geldings, 1 stallion and 1 mare, age 6-22 years (mean 14 years). All animals were stabled at a riding school and were fed and managed under the same conditions.
Study design
The critical points associated with high risk for bacterial contamination during the preparation of equine PCs were identified as follows: 1) technical procedure: a) disinfection of venipuncture site (with or without previous shaving), b) blood collection, c) blood manipulation and packaging in tubes without addition of plasma of previous centrifugation, and d) procurement of the PC (final therapeutic product); 2) operator: a) hands and b) throat; 3) horse: flora from venipuncture site (skin); 4) environmental conditions related to PC preparation: a) environmental contaminants (bacteria) during blood collection and b) preparation of PCs under each of the 3 technical conditions studied.
Serial sampling (with swabs) was carried out for bacteriological screening from the skin of each horse (shaved or unshaved), before and after its disinfection. The disinfection protocol included a scrub with chlorhexidine digluconate-based (0.5% w/v) liquid soap for 8 min, followed by an alternated cleaning with 10 sterile gauze impregnated with chlorhexidine digluconate solution 0.5% w/v, and 10 sterile gauze impregnated with ethyl alcohol 70%. A final cleaning using 2 sterile saline solution impregnated gauze was performed.
Previously, smears from operator's hands and throat were taken for bacterial culture. The same operator always performed all the procedures related to preparation of PCs. The operator used sterile gloves, surgical mask and hat during the venipuncture and a sterile surgical gown during the preparation of PCs. Smears for bacteriological culture from cap tubes used for both blood collection (citrate tubes) and packaging of plasma from the first centrifugation (tubes without additive) were performed. A microbiological analysis was conducted in the environment where the horses' blood samples were obtained, in the environment of the 3 technical conditions evaluated and in the microbiological stove where all bacteriological cultures were performed. Finally, a microbiological study of PCs obtained under each of the 3 technical conditions evaluated was done. All bacteriological cultures were performed in triplicate.
Collection and processing of operator samples
Smears from the posterior pharynx were taken with sterile cotton swabs. The samples were sown immediately on 5% sheep blood agar plates and incubated at 37°C in an atmosphere of 5% CO2 during 24 h. Negative cultures were re-incubated for 48 h. This procedure was performed to determine if the operator was a carrier of Streptococcus pyogenes. Smears from the operator's hands were taken with sterile cotton swabs previously damped in a 2 ml screw cap tube containing a sterile diluent of 0.1% peptonated water. Cotton swabs were rotated on the surface of the palms, between fingers and nails of the operator and then washed in the diluent. The excess of liquid was drained on the tube's wall. Samples were homogenised with a Vortex mixer and aliquots of 0.1 ml sown on 5% sheep blood agar plates and MacConkey's medium. Plates were incubated at 37°C in an atmosphere of 5% CO 2 during 24 h. Negative cultures were re-incubated for an additional 48 h. These samples were taken to detect if the skin of the operator's hands carried Staphylococcus aureus, E. coli or other faecal coliforms.
All blood agar colonies that presented a typical b-haemolysis and growth of Staphylococcus aureus were counted one day after incubation. Plates containing 20-200 isolated colonies were chosen for the microbiological analysis. In addition, lactose fermentation reactions in MacConkey agar characteristic of faecal coliforms were considered in the study. The identification of colonies was performed using commercial systems API Staph 1 and Crystal Enteric/Non-fermenter ID kit 2 .
Collection and processing of bacterial samples from horses' skin
Bacteriological samples were collected in the same fashion as the samples from the operator's skin. The venipuncture sites (shaved or unshaved) were sampled with sterile cotton swabs before and after skin disinfection. Samples were processed 1 h after their collection. Aliquots of 0.1 ml from samples were sown on thioglycollate broth, chocolate agar and MacConkey agar. The number of colonyforming units/ml (CFUs/ml) was determined by seeding 3 zigzag lines in 5% sheep blood agar plates using decreasing dilutions (0.25, 0.1 and 0.05 ml) of supernatant of homogenised samples. CFUs were counted manually after 24 h of aerobic incubation at 37°C. The highest growth recorded for any sample was limited to 10000 CFUs/ml by the highest dilution (Zubrod et al. 2004) . The preliminary identification of positive cultures was performed by microscopic examination of the colonies using Gram staining. 
Collection and processing of bacteriological samples from the caps of the tubes both with and without anticoagulant
These samples were collected, processed and evaluated in the same fashion as the operator's bacteriological sampling process. Samples were also sown on thioglycollate broth, chocolate agar and MacConkey agar.
Blood collection and preparation of the platelet concentrates
One side of the neck was selected randomly for shaving and blood collection from the jugular vein. The site for venipuncture was disinfected following the aseptic protocol described previously. Blood was drawn from each horse and deposited in 36 tubes with sodium citrate 3.2% (4.5 ml blood/tube). Eighteen tubes were collected from each jugular vein and 6 citrate tubes used for each experiment. The order of preparation of PCs for each of the 3 technical conditions evaluated was chosen randomly. Whole blood was collected via a 21 gauge butterfly catheter and placed in citrate tubes. After centrifugation at 120 g for 5 min, the first supernatant plasma fraction (50%), adjacent to the buffy coat, was removed under aseptic conditions in either a class II laminar flow cabinet or in clean laboratory environment with or without Bunsen burner. This fraction was then centrifuged at 240 g for 5 min and 25% of the first fraction collected (as previously described by Argüelles et al. 2006) . This fraction was drawn into sterile syringes and considered as a PC. PCs were prepared in the same laboratory (temperature 22°C, 70% relative humidity, airstream free and disinfected with standard procedures), according to the criteria established by Ritter et al. (2003) .
Bacteriological processing of the platelet concentrates
Platelet concentrates obtained were processed 1 h after their preparation. After homogenisation, the PCs were seeded, using decreasing dilutions of 0.25, 0.1 and 0.05 ml, on thioglycollate broth, chocolate agar and MacConkey agar. Furthermore, PCs were seeded on a 5% sheep blood agar plate and incubated at room temperature. The number of CFUs/ml was determined by seeding 3 zigzag lines in 5% sheep blood agar plates using decreasing dilutions described previously of supernatant homogenised samples. CFUs were counted manually after 24 h of aerobic incubation at 37°C. Negative cultures were re-incubated for additional 48 h. The highest growth recorded for any sample was limited to 10,000 CFUs/ml by the highest dilution (Zubrod et al. 2004) .
Collection and processing of environmental bacterial samples
Environmental samples were collected by removing the lid of a new 100 mm diameter Petri dish with 5% sheep blood agar. Agar was exposed to the environment (place of blood collection, laboratory environment, microbiological incubator and laminar flow cabinet) for 10 min. The agar plates were placed approximately 1 m away from the horse or the operator in the laboratory (as appropriate) and incubated for 24 h in an aerobic atmosphere at 37°C. Negative cultures were re-incubated for additional 48 h. The identification of positive cultures was conducted by using commercial kits previously described.
Antibiograms
A test for antimicrobial susceptibility by the semi-quantitative Kirby-Bauer method (Bauer et al. 1966) was conducted in bacteria identified previously. The antimicrobial susceptibilities of the bacteria to antibiotics commonly used in equine practice, such as penicillin, ampicillin, trimethoprim/sulphamethoxazole, enrofloxacin, ceftiofur, amikacin and gentamicin were evaluated.
Statistical analysis
Data were analysed with a commercial statistical software (SPSS 15.0) 3 using nonparametric paired comparison (Wilcoxon signedrank) test to determine any statistical differences between the number of CFUs/ml isolated from the nonaseptically prepared equine skin (either shaved or unshaved), and the operator's hands. As 60% CFUs/ml of the intact nonaseptically prepared equine skin presented counts over 10,000 CFUs/ml (right censored data), this number of colonies was considered the highest detection value in such cases. A Chi-squared test was performed to determine whether there were differences related to the distribution of bacteria between nonaseptically prepared equine skin (either shaved or unshaved) or between right and left hands of the operator. Statistical analysis was performed only for the number of CFUs/ml of these variables, because bacterial growth was not present under the other critical conditions evaluated. A P value Յ0.05 was accepted as a statistically significant difference for all the tests. Data are presented as median (range).
Results
A total of 4290 bacteriological cultures were performed. Bacterial growth was observed only in the nonaseptically prepared equine skin (either shaved or unshaved), hands and throat of the operator, and the environment where equine blood samples were obtained. No bacteria were detected on disinfected skin of the venipuncture site (shaved or unshaved), tube caps, clean laboratory environment, microbiological stove, laminar flow cabinet or in PCs. Bacteria species isolated from the horses' skin, hands and throat of the operator, and the environment of the place of blood collection, as well as their antimicrobial susceptibility, are presented in Tables 1  and 2. Bacteria isolated from the skin (shaved or unshaved) before disinfection were predominantly normal biota (Staphylococcus spp., coagulase-negative Streptococcus spp., Corynebacterium spp., Moraxella spp. and Enterobacteria). The number of CFUs/ml found in the intact (nonshaved) skin of the horses without disinfection (10,000; range 1300-10,000 CFUs/ml) was significantly greater (PՅ0.001) than the number of colonies found on the nonaseptically prepared shaved skin (1900; range: 500-9600 CFUs/ml). However, the distribution of bacteria isolated was similar to the nonaseptically prepared equine skin, either shaved or unshaved. There was no statistically significant difference for CFUs/ml between the left hand (185, range: 20-200 CFUs/ml) and the right hand (50, range: 20-200 CFUs/ml) from the operator. Bacteria isolated from the operator's hands and throat were normal biota (Table 1) . Bacteria commonly found on nonaseptically prepared equine skin and operator's hands were Staphylococcus aureus and Staphylococcus epidermidis.
Streptococcus viridans was present in nonaseptically prepared equine skin (shaved or unshaved) and operator's throat. Of the 13 bacterial species isolated, 23% were resistant to penicillin, 19% to ampicillin, 2.12% to ceftiofur, 3.2% to sulphamethoxazole/trimethoprim and, 1.1% to enrofloxacin. Resistance to amikacin and gentamicin was not seen (Table 2 ). An isolated strain of Staphylococcus epidermidis from the operator's hands presented resistance to penicillin, ampicillin, sulphamethoxazole/trimethoprim and enrofloxacin, unlike the same bacterial species isolated from the skin of the horses, which were susceptible to all antibiotics tested. Bacillus subtilis was the only environmental pollutant isolated at the place where equine blood samples were collected (20, range: 30-200 CFUs/plate).
Discussion
The results of this study showed that potential sources of bacterial contamination for equine PCs obtained by the tube method (Argüelles et al. 2006) and processed under 3 different techniques, were indigenous biota of the skin of the horses, the biota of the throat and hands of the operator and environmental contaminants where equine blood samples were collected. Although bacteria were not found in equine PCs tested, it is possible that the most critical point for bacterial contamination is the aseptic preparation of the equine skin of the venipuncture site. This situation has been described for bacteriological quality control of human platelet concentrates (Lee et al. 2002; te Boekhorst et al. 2005; Walther-Wenke et al. 2006) .
It was not possible to find any publication related to bacteriological quality control of PCs used for regenerative therapy procedures (at least not for haematological clinical usage) in either man or animals; nor was information found in relation to bacteriological quality control for bone marrow aspirates or mononuclear cells from equine fat used for clinical purposes. This issue is very important in relation with the control of quality of human platelet gels used for therapeutic purposes in some countries e.g. Italy (Borzini et al. 2006) . On the other hand, some researchers recommend the use of prophylactic antibiotics after injecting expanded mesenchymal cells from equine bone marrow aspirates (Smith et al. 2003; Guest et al. 2008) . Other researchers do not recommend using prophylactic antibiotics when autologous equine PCs are clinically used (Carmona et al. 2007; Argüelles et al. 2008) , although this issue is of great controversy in both human and veterinary medicine. Bielecki et al. (2007) demonstrated that human platelet gel has in vitro antibacterial effect against Staphylococcus aureus and Escherichia coli, but not against Klebsiella pneumoniae, Enterococcus faecalis or Pseudomonas aeruginosa; moreover, the latter pathogen seems to grow when platelet gel is added to the culture media (Bielecki et al. 2007 ). An in vitro study on susceptibility of various pathogenic bacteria to equine autologous PCs should be performed to expand this kind of knowledge.
Bacteria isolated from the skin of the horses in this study coincided with the normal biota and some environmental bacteria described previously by Nagase et al. (2002) and Zubrod et al. (2004) . Bacteria isolated from the hands and throat of the operator were similar to those in previous reports (Pittet et al. 1999; Nagase et al. 2002; Hull and Chow 2007) . Environmental bacteria isolated in the present study were similar to those reported by Zubrod et al. (2004) (Table 1 ).
An important finding was the isolation, from the hands of the operator, of strains of Staphylococcus epidermidis that showed resistance to antibiotics commonly used in equine practice ( Table 2 ). The use of sterile implements and proper aseptic technique (Pittet et al. 1999) was helpful in preventing the bacterial contamination of the equine PCs during its preparation. Proper hand disinfection and the use of sterile gloves (Pittet et al. 1999) are strongly recommended for preventing bacterial contamination of PCs when they are used therapeutically in the horse, especially intra-articularly (Carmona et al. 2007) or for intrasynovial purposes (Argüelles et al. 2008) . It is important to bear in mind that (Gustafson et al. 1989 ). An insignificant bacterial contamination in a PC could trigger serious consequences in the synovial tissue treated, especially when contaminants are bacteria resistant to conventional antibiotics, such as some of the bacteria observed in this study. It was observed that if the horse's skin is properly disinfected, its shaving is not a critical factor associated with the contamination of the blood used for the PC preparation. These results are comparable to the findings of a study by Hague et al. (1997) , who showed that the shaving of equine skin is not a critical point associated with risk of infection for arthrocentesis sites when they are aseptically prepared (Hague et al. 1997) . The disinfection protocol used for the skin of the horses in this study is often used by equine practitioners (Freeman 2006) , although other disinfection protocols including povidone-iodine, or iodine tincture in combination with alcohol, could also be used (Hague et al. 1997; Zubrod et al. 2004; Freeman 2006) for preparing equine PCs.
Finally, the hypothesis of the study was validated, since it is not necessary to use a laminar flow cabinet or a Bunsen burner to prepare sterile PCs if the environment of the laboratory (or room) remains clean, free of dust and airstream. Equine clinicians can use the tube method for preparing therapeutic PCs with minimal technical requirements in field conditions.
